The purpose of this study was to investigate the dependence of T, the time constant of left ventricular (LV) isovolumic relaxation, on pericardial pressure and to compare values of r as determined by the methods of previous investigators and by a standard exponential curve fit. All of the more recent methods involve an additional parameter -the pressure to which the exponential relaxation finally declines (PB, the pressure intercept in the method of Craig and Murgo and the asymptote in the exponential fits). An additional purpose of the study was to determine the relation of these parameters to pericardial pressure. In eight closed-chest anesthetized dogs, r was calculated from intracavitary (PI,) and transmural LV pressure (P, =Piv-Pper) 
(P, =Piv-Pper) by each method as pericardial (Pper) and LV end-diastolic pressure were changed by pericardial infusion and intravenous volume loading. The time constant determined by the method of Weiss et al was dependent on pericardial pressure; the time constants determined by the other methods were not. PB and the asymptotes were found to be similar and to increase almost equally with pericardial pressure. When pericardial pressure was zero, these values were approximately -20 mm Hg. Thus, both these parameters seem to indicate the same baseline pressure, a pressure that increases pari passu with pericardial pressure. Reported changes in the value of r calculated from intracavitary LV pressure by the method of Weiss et al may reflect factors other than changes in LV diastolic function. (Circulation 1990 ;81:1071-1080) T he time constant of left ventricular (LV) isovolumic relaxation, r, was first described in 1976 by Weiss et al.1 It was reported to be an index of LV diastolic function and was little influenced by changes in preload or afterload. In their original description using an isolated canine LV preparation, Weiss et al defined i as the negative inverse of the semilogarithmic slope of the LV pressure decline from maximum negative dP/dt to the level of LV end-diastolic pressure (LVEDP). These authors and others2-7 have stressed the importance of calculating r from LV transmural pressures. This concern is appropriate because the values of X measured by this method will be changed by the addition of a constant pressure. 6 P(t) =Ae-Bt+C where pressure (P) is represented as a function of time, A is a multiplicative constant, B is the exponential constant, and C is the constant value that pressure approaches after a very long interval.
Thus, the purpose of this investigation was to determine the dependence of r calculated by each of these methods on pericardial pressure. Also, because we suspected that the pressure intercept, PB,4 and the exponential asymptotes were related to pericardial pressure, we performed these correlations.
Methods

Preparation
Eight mongrel dogs weighing 13-25 kg were anesthetized with sodium thiopental (25 mg/kg i.v.), nitrous oxide, and halothane (0.6-1.5% Only the pressure data from the time of maximum negative dP/dt to the time when LV pressure reached LVEDP+5 mm Hg were used. (LVEDP was measured from the immediately previous diastole.)
In protocol 1 (dogs 1-4), 10 consecutive sinus beats at each experimental condition were analyzed. The r values were then obtained by each method for both LV intracavitary and transmural pressures. Pericardial pressure was calculated by averaging each value during isovolumic relaxation. The mean of each set of 10 values of r and pericardial pressure for each dog under each experimental condition was calculated.
The dependence of r on pericardial pressure was investigated. The dependence of the value of PB and the exponential asymptote on pericardial pressure was similarly investigated.
The data collected in protocol 2 (dogs 5-8) were analyzed in the same manner as in the first protocol, except for eliminating the consecutive beat averaging at each experimental condition. In protocol 2, the experimental conditions were dynamic, and every end-expiratory beat was available for analysis. (Thus, the number of data points in each experiment from this set was much greater.)
Statistical Methods
The dependence of r on pericardial pressure was analyzed by least-squares linear regression for individual dogs. Values of r greater than 120 msec were excluded because we assumed that these data were physiologically meaningless. In the first protocol, 10 out of a total of 74 points were arbitrarily excluded because r exceeded 120 msec. In the second protocol, only five of 797 points exceeded 120 msec.
The dependence on pericardial pressure of PB was similarly investigated by least-squares linear regression. Estimates of the exponential asymptote were considered to be dependent on Relations Between Pericardial Pressure and PB and the Exponential Asymptotes
In the method described by Craig and Murgo,4 although the slope of dP/dt versus P should be independent of pericardial pressure, addition of a constant pressure would shift the curve rightward. It is, therefore, intuitive to expect that the value of PB may bear some relation to pericardial pressure. Similarly, the exponential asymptotes calculated from the other methods might be related to pericardial pressure because they are the values that make the pressure decay data fit the exponential expression best. (It has been generally assumed that the decay of LV pressure is exponential if external pressure is zero.)
The results of least-squares linear regression of PB measured from intracavitary Ply versus Pper are shown for individual experiments in Table 2 . The relations between PB and pericardial pressure are shown for each experiment in Figure 5 . Figure 6 .
Regression analyses indicate that both PB and the exponential asymptotes vary linearly with pericardial pressure. Furthermore, the slopes of the relations are similar to unity, indicating that the change in PB or the asymptote is approximately the same as the change in pericardial pressure. The physiological meaning of the extrapolated values of PB and the asymptotes when pericardial pressure is zero (i.e., b in Tables 2 and 3) is not obvious. Note, however, the close agreement between the results of both methods on the data from any individual experiment (Tables 2  and 3 and Figures 5 and 6 ) or on the set of pooled data ( Figure 7 ). These data show that there is a direct linear relation between pericardial pressure and PB and the exponential asymptotes. (r, 56.8±19.4 msec). The values of r measured from a filling beat by the conventional method of Weiss et al1 (which, of course, assumes a baseline pressure or asymptote of zero) was no different from the "true" value (i-, 31.5 + 14.7 msec). They attributed the agreement between the true and "conventional" values of r to the artifactual effects of forcing the conventional curve through a zero asymptote, and of the true curves not being truly monoexponential. Another potential source of error in the present study was variation in heart rate. Heart rate was constant during each recording interval but tended (Table 4) . It is, therefore, probable that there was a small decrease in r as heart rate (and pericardial pressure) increased. However, because the measured value of r increased with increasing pericardial pressure, any error due to the effect of heart rate would serve only to minimize the increase in X due to increased pericardial pressure or to truly delayed relaxation. Figure 5 ) was approximately -20 mm Hg (-19± 15 mm Hg).
By similar logic, the exponential asymptote might be expected to be related to pericardial pressure. The slopes were also near one (1.35±0.42) and the y intercept similar (-19 ± 16 mm Hg). Therefore, our data strongly suggest that the alternative methods are similar in their relation to pericardial pressure: Values of r determined by these methods are statistically independent of pericardial pressure; the baseline values of pressure determined by each method (i.e., PB and the exponential asymptotes) are not different when pericardial pressure equals zero; these baseline pressure values increase approximately one-for-one as pericardial pressure is increased. It is possible that these parameters increased even more rapidly than pericardial pressure because Hori et a122 have found that the asymptotic pressure becomes more negative when the LV is smaller, consistent with the concept that the small ventricle has greater restoring forces that tend to produce diastolic suction.23 However, Dash et a124 failed to find any such relation. Although pericardial effusion tends to reduce LV volume, the study was not designed to provide a definite answer to this question. Thus, while the physiological significance of these baseline pressure values is not completely clear, these parameters of relaxation appear to be influenced by pericardial pressure.
Regarding the relation of PB to pericardial pressure, it is of interest to speculate on the results recently reported by Carroll et al.25 Using the method of Craig and Murgo,4 they compared the effects of exercise on relaxation in a control population with those of a group with significant (>50% diameter narrowing) coronary artery disease and exercise-induced asynergy. From their data, we approximated diastolic pressure-volume relations (we connected early diastolic and enddiastolic pressure-volume points and compared the pressure values of the midpoints of these segments) and found that while exercise did not shift the pressurevolume relation in the control group (control midpoint pressure -exercise midpoint pressure = -2. 
